Synthesis of cadmium sulfide (CdS) nanoparticles has been performed through the simple and rapid microwave-assisted polyol method, using cadmium chloride and thioacetamide as the cadmium and sulfur sources respectively. Attempts were made to control the size and crystallinity of the CdS nanoparticles by controlling microwave irradiation time and the initial molar ratio of the cadmium and sulfur sources. The structure of nanoparticles characterized by Xray diffraction (XRD) was hexagonal. No peaks corresponding to impurities were detected, indicating the high purity of the product. The size of the prepared samples was calculated by Debye-Scherrer formula according to XRD spectra. The morphology of particles was observed in the transmission electron microscopy (TEM) images was spherical. The average size of nanoparticles was also estimated from these images. The optical absorption of CdS nanoparticles studied by UV-Visible spectroscopy showed a blue shift from bulk CdS due to quantum confinement. The size of nanoparticles was calculated by Brus formula according to UV-Visible spectrum and compared to XRD and TEM results.
Introduction
CdS is a well-known wide and direct bandgap II-VI semiconductor. It has bulk band gap of 2.5 eV, and tuning of this band gap between 2.5 and 4.0 eV has opened a vast research area [1] . To date, various methods have been developed to synthesis CdS nanoparticles. Among the methods microwave assisted route is one of novel methods and is a very rapidly developing area of research. Compared with conventional methods, microwave synthesis requires very short reaction time, and is capable of producing small particles with a narrow particle size distribution and high purity [2] [3] . During the formation of the nanoparticles under microwave irradiation, solvents can have an important influence on the size and morphology of the final products. In different solvents, the collision rate between reactant molecules, the heating rate, and the temperature of the reaction are different [4] . Polyol solvents like ethylene glycol are suitable for microwave assisted reactions due to their relatively high loss factor [5] and dipole moment [6] [7] . Another advantage of using ethylene glycol as a solvent is its reducing power, which can be enhanced with the inducement of microwave irradiation [6] [7] [8] [9] . Reduction method based on ethylene glycol is known as the polyol method [6] . Since the polyols are normally low-weight molecules, they may act as weak stabilizers, which can be removed from the particle surface under certain experimental conditions [10] .
In this paper, we reported a simple microwave irradiation method for the synthesis of CdS nanoparticles through the reaction of cadmium chloride with thioacetamide in ethylene glycol (EG) during the short irradiation time (5-15min) . The obtained CdS nanoparticles were characterized by X-ray diffraction (XRD), transition electron microscopy (TEM) and ultraviolet-visible (UV-Vis) spectroscopy. The effects of irradiation time on the size, degree of crystallinity and optical band gap of CdS nanoparticles are investigated.
Experimental
All the chemical reagents used in our experiments were of analytical grade and were used without further purification. Cadmium chloride (CdCl 2 ), thioacetamide (CH 3 CSNH 2 ) and ethylene glycol (C 2 H 6 O 2 ) were purchased from ALFA Chemical Co.
In a typical synthesis, 5 mM of cadmium chloride and 5 mM of thioacetamide were added to glass beakers of 100 ml containing 20 ml of ethylene glycol and stirred with 500 rpm for 15 min. Then the beakers were put in a microwave system (1100W) with power 20%. To monitor the reaction during the irradiation process, aliquots of mixture were removed from each glass beaker at 5, 10 and 15 min. The precipitates were centrifuged (3500 rpm, 10 min) and washed several times with distilled water and absolute ethanol. The yellow products were dried in air at 60 o C for 12 h. In order to study the effect of the initial molar ratio of cadmium and sulfur source (Cd:S) on crystallinity of nanoparticles, the molar ratio of Cd:S was varied from 1:1 to 1:2 by keeping irradiation time at 10 min.
X-ray powder diffraction (XRD) was carried out on a Philips X-ray diffractometer (7602 EA Almelo) using Cu Kα radiation (λ = 0.1542 nm) at a scanning rate of 5 o /min in the 2θ range 20-70 o . Transmission electron microscopy (TEM) was recorded on a HTACHI H-7100 transmission electron microscope using an accelerating voltage 100 keV. Ultraviolet visible (UV-Vis) absorption spectrum were measured on UV-1650PC SHIMADZU spectrophotometer.
Results and Discussion
The phase formation of the obtained CdS nanoparticles was characterized by X-ray powder diffraction. Fig. 1 represents the XRD patterns of CdS nanoparticles prepared in different irradiation times and Fig. 2 shows XRD pattern of the obtained CdS nanoparticles with different initial molar ratios of Cd:S. In both of these figures the peaks observed in the XRD patterns matching perfectly with the crystalline planes of the hexagonal structure CdS reported in the reference code 01-077-2306. No peaks corresponding to impurities were detected, indicating the high purity of the product.
It was found that the change in irradiation time does not have any effect in the phase formation of nanocrystals but it could affect the particle size and degree of crystallinity of the products. With the increase in irradiation time, both the average particle size and degree of crystallinity are increased. The broader diffraction peaks attributes to the characteristic smaller particle size and the peaks with higher intensity confirms higher degree of crystallinity. However, the initial Cd:S molar ratio did not pose significant influence on the size and crystallinity of the CdS nanopaticles. The intensity and width of XRD peaks for different Cd:S molar ratio have not changed obviously.
From the width of the XRD peak, the mean crystalline size can be calculated using Scherrer's equation:
where D is the average crystallite size, k is particle shape factor, λ is the X-ray wavelength used (0.1542 nm), β is the angular line width of half-maximum intensity and θ is the Bragg's angle in degrees (half of the peak position angle) [2, 11] . The crystalline size of the nanoparticles was calculated using (101) reflection of the XRD patterns and estimated sizes are listed in table 1. Fig. 3 shows the TEM images of the as prepared product in 10 and 15 min irradiation time, respectively. From these figures, it can be observed that CdS nanoparticles are spherical in shape with relatively narrow size distribution which aggregated in some parts. The average particle size slightly increases with increasing irradiation time from 8.9 nm at 10 min to 9.2 nm at 15 min irradiation time.
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Nanosynthesis and Nanodevice Fig. 4 shows the UV-Vis absorption spectrum of CdS nanoparticles prepared in different irradiation times. It exhibits the absorption edge of CdS nanoparticles are at ~370 nm, which shows blue-shift from the bulk counterpart. The energy of band gap (Eg ) can be evaluated from the UV-Vis spectra by plotting (hvα) 2 versus (hv) and by extrapolating of the linear portions of the curves to the energy axis [12] [13] . From the band gap values, the particle sizes were estimated using Brus equation [12, 14] : 
where ∆E is the blue shift of the band gap, me* is the effective mass of electron, mh* is the effective mass of hole, r is the radius of the particle, ε is the dielectric constant and εo is the permittivity of free space. The first term indicate the confinement effect and the second term being the Coulomb term. In a strong confinement, as in the present case, the second term is small and can be neglected [15] . The estimated bandgap and size of CdS nanoparticles are listed in Table 1 . According to our experimental results microwave-assisted polyol method has been proven to be a useful tool in synthesizing CdS nanoparticles. The microwave irradiation not only provides energy for the reactions, but also it greatly accelerates the nucleation of CdS and decreases the growth of the newborn CdS nuclei due to the intense friction and collisions of the created molecules. The electric and magnetic field of microwave produce a force on charged particles and cause them to move or rotate, The rapid change of the force direction creates friction and collisions of the molecules [16] . Additionally, the synthesis of nanoparticles by microwave irradiation was generally quite faster, simpler, and very energy efficient compared to conventional hydrothermal synthesis. 
Conclusions
CdS nanoparticles have been successfully synthesized via a simple and rapid microwave method. The XRD analysis results confirmed the formation of hexagonal structure. TEM images showed CdS nanocrystallines are small spherical particles. The particle size and degree of crystallinity of CdS nanoparticles increased with increasing in irradiation time. However, they were not significantly affected by the initial Cd:S molar ratio. UV-Vis spectrum of samples shows a strong absorption below 400 nm. The estimated band gap of the CdS nanoparticles obtained to be about 2.65-2.70 eV. The increase in band gap compared to that of the bulk CdS powders (Eg = 2.5 eV) is due to decrease in particle size and quantum size effect.
